This experiment was designed to evaluate the effects of source of supplemental zinc (Zn) on performance, nutrient digestibility and plasma mineral profile in Cashmere goats during the cashmere fiber growing period. Twenty-seven Liao Ning Cashmere wether goats (9-10 month of age; initial BW = 19.31±0.32 kg) were fed a basal diet (containing 22.3 mg Zn/kg DM) with no supplemental Zn (control) or 20 mg of supplemental Zn/kg of DM from Zn sulfate (ZnSO 4 ) or Zn methionine (ZnMet) for 60 days including a 10-day metabolism trial. Average daily gain (ADG) (p<0.05) and gain:feed (G/F) (p<0.05) were increased by Zn supplementation, but no differences were noted between Zn sources (p>0.05). The length and diameter of cashmere fiber did not differ among treatments (p>0.05). Zn supplementation had no influence on digestibility of DM, CP, EE and NDF (p>0.05). However, ADF digestibility in the group supplemented with ZnMet was significantly higher than in other treatments (p<0.05). Plasma Zn was increased (p<0.05) and Cu tended to be decreased (p = 0.057) by Zn supplementation, but no differences were found between Zn sources (p>0.05). Plasma alkaline phosphatase activity (AKP) was improved by Zn supplementation (p<0.05) and was higher in the ZnSO 4 than the ZnMet group (p<0.05). Zn retention was increased (p<0.05) and apparent absorption rate was decreased (p<0.05) by Zn supplementation. The results indicate that supplementation of 20 mg Zn/kg DM either as ZnSO 4 or ZnMet in the basal diet containing 22.3 mg Zn/kg DM can improve growth performance in Cashmere goats, and effectiveness of the two sources is similar on performance measurements.
INTRODUCTION
Zinc (Zn) is an essential element required by ruminants for a number of biochemical functions. Early work suggested that Zn deficiencies can affect growth, reproduction, immune system and gene expression in ruminants (Underwood and Suttle, 1999) . In recent years, use of organic Zn for supplementation of ruminant diets has increased but whether organic forms are more effective than inorganic forms remains controversial. For example, Garg et al. (2008) observed significantly improved ADG and feed efficiency in lambs given ZnMet compared to a ZnSO 4 -supplemented group. Puchala et al. (1999) found that ADG was greater for Angora goats supplemented with ZnMet compared to a ZnO group. In contrast, Nunnery et al. (1996) reported that ADG by steers supplemented with ZnSO 4 was 7.4% greater than those supplemented with ZnMet, but feed intake and efficiency were similar. Galyean et al. (1995) reported no differences in ADG and feed efficiency in steers fed ZnO or ZnMet. Similar results were also observed in Angus and Hereford×Angus heifers (Spears and Kegley, 2002) .
China is the largest producer of cashmere fiber, accounting for 50% of the world's total production (Bai et al., 2006) . The Inner Mongolian White Cashmere and Liao Ning White Cashmere are two of the major Cashmere goat breeds in China (Zhang et al., 2007) . There is no information available regarding supplementary effects of different Zn sources in Cashmere goats. Therefore, the objective of the current study was to investigate effects of dietary supplementation with ZnMet or ZnSO 4 on cashmere fiber growth, nutrient digestibility and plasma mineral profile in Liao Ning Cashmere goats.
University Institutional Animal Care and Use committee.
Animals, diets and feeding
Twenty-seven Liao Ning Cashmere wether goats (9-10 month of age, 19.31±0.32 kg mean BW) were housed in individual wooden pens (1.8 m×2.1 m) with ad libitum access to a diet consisting of 70% hay (Chinese wildrye) and 30% concentrate. Ingredients and chemical composition of the basal diet are shown in Table 1 . The basal diet was formulated to meet nutritional requirements of goats gaining 50 g/d (NRC, 1981) . Feed was offered daily at 08:30 and 17:00 h in two equal portions. Goats had ad libitum access to water (less than 0.01 mg Zn/L, other minerals undetectable) throughout the study except during BW measurements.
All Cashmere goats were fed the basal diet for 14 d, then stratified by BW and assigned randomly to one of three experimental treatments (n = 9 goats per treatment): i) control (no supplemental Zn), ii) 20 mg Zn/kg DM from ZnSO 4 , and iii) 20 mg Zn/kg DM from ZnMet. Zn was added to the premix using finely ground maize as a carrier and mixed with concentrate. The experiment lasted 60 days including a 10-d metabolism trial.
Sample collection
Daily feed offerings and refusals were recorded prior to the morning feeding to obtain feed intake for each goat. BW was obtained before the goats were fed in the morning for three consecutive days at the start and end of the experiment. Blood samples were collected on day 60 via jugular venipuncture in heparinized-trace tubes prior to the morning feeding. Blood samples were centrifuged at 3,000×g for 15 min and plasma was frozen at -20°C in 5 ml polyethylene tubes until analysis.
Goats were shorn of fibers from a 10 cm 2 patch on the right scapular at the beginning of the study. On day 60 fiber samples were removed using stainless steel clippers from the 10 cm 2 patch. The samples were stored in sealed polythene bags at room temperature until analysis.
On day 35, all goats were allocated to metabolism cages to study the effects of Zn source on apparent nutrient digestibility. After a 7-d adaptation period, total faeces and urine were collected from each goat for 3 d. Faeces and urine excreted in 24 h were collected into plastic bags and weighed at 08:30 h daily. Approximately 10% of the faeces and urine were sub-sampled into plastic bags. To prevent N loss, 50 ml of 10% sulfuric acid was added to the samples. Samples were immediately labeled and frozen at -20°C until analysis.
Analytical procedures
DM content of feed and faeces samples were determined after drying at 105°C for 24 h in a forced airdrying oven (AOAC, 1990) . N contents of feed, faeces and urine samples were determined by the Kjeldahl method (AOAC, 1990) . Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were measured according to Van Soest et al. (1991) . Ether extract (EE) was determined by the Soxhlet method after extraction with petroleum ether (AOAC, 1990) . Ca and P concentrations of feed samples were determined by a wet ash method (AOAC, 1990) and colorimetry (AOAC, 1990) , respectively. Zn, Cu, Fe and Mn concentrations of feed and plasma, Zn concentrations of faeces, water and urine were analyzed by atomic absorption spectrophotometry (Model 5100, HGA-600 Graphite Furnace; Perkin-Elmer, USA). Plasma AKP was measured using an alkaline phosphatase kit (Nanjing Jiancheng Bioengineering Institute, China). The length of cashmere fiber was estimated using a scaled ruler (Zhang et al., 2007) , and its diameter measured on a random sample of 200 fibers as described by Shahjalal et al. (1992) .
Statistical analysis
The data were analyzed using the GLM procedure (SPSS, 1996) . The following model was used: Y ij = μ+ T i +ε ij , where Y ij is the dependent variable; μ is the overall mean; T i is the effect of Zn supplementation (i = 1, 3); ε ij is the random error. Duncan's multiple range test was used to detect statistical significance between treatments. 
RESULTS AND DISCUSSION

Performance and nutrient digestibility
Zn supplementation, regardless of source, increased ADG and G/F (p<0.05) during the experiment (Table 2 ), but no differences were noted between Zn sources (p>0.05). Limited research has evaluated the effects of Zn supplementation on growth performance in the goat. Similar to our results, Jia et al. (2008) found that ADG and G/F were increased when 15-45 mg Zn/kg DM were supplemented to a basal diet containing 22 mg Zn/kg DM in Liaoning Cashmere goats. Puchala et al. (1999) found that Zn supplementation significantly improved ADG in Angora goats.
No differences were observed in ADG between the two Zn sources. Results of previous studies indicated that growth performance did not differ in cattle supplemented with different Zn sources at a similar concentration to that used in the present study. Spears et al. (1991) reported no differences in ADG in calves supplemented with 25 mg Zn/kg DM of either ZnMet or ZnO. The addition of 25 mg of Zn/kg from Zn proteinate did not improve performance of steers fed a corn silage-based diet relative to ZnOsupplemented steers during the growing phase (Spears and Kegley, 2002) . However, when Zn was supplemented at a relatively high level (120 mg Zn/d), goats fed ZnMet had higher ADG than those fed inorganic Zn (Puchala et al., 1999) . These results corroborate with the findings of Wright and Spears (2004) who observed no differences between organic and inorganic Zn sources when Zn was supplemented at a relatively low level.
As shown in Table 2 , DMI was not affected by Zn supplementation (p>0.05), which is in agreement with Puchala et al. (1999) . They found that DMI of Angora goats was unaffected by Zn supplementation. Similarly, supplementation of Zn to a basal diet containing more than 25 mg Zn/kg DM had no effect on DMI in dairy goats (Salama Ahmed et al., 2003) , growing lambs (Garg et al., 2008) and beef steers (Mandal et al., 2007) .
Data on cashmere fiber characteristics are presented in Table 2 . No differences (p>0.05) were observed among treatments for the length and diameter of cashmere fiber. Research evaluating the effect of Zn supplementation on fiber growth is limited, and results are not consistent. Jia et al. (2008) indicated that Zn supplementation did not affect the length and diameter of cashmere fiber in Liaoning Cashmere goats. However, a different result was observed by Puchala et al. (1999) who found that supplementation with 40 mg Zn/d (the basal diet containing 22 mg Zn/kg DM) improved mohair yield but did not affect mohair length and diameter in Angora goats. In addition, wool growth was increased in Merino sheep fed a diet containing 17 mg Zn/kg compared with 10 mg Zn/kg (White et al., 1994 ). In the current study, cashmere fiber growth and diameter were not affected by Zn supplementation. It is speculated that the level of Zn in the basal diet can support normal cashmere fiber growth in Cashmere goats, and supplementation above that level has no further impact.
No differences were noted in digestibility of DM, CP, EE and NDF among the treatment groups (p>0.05) as displayed in Table 3 ; however, ADF digestibility in the group supplemented with ZnMet was significantly higher than in other groups (p<0.05). The unchanged digestibility of DM, CP, EE and NDF in the present study was not consistent with results in dairy goats (Salama Ahmed et al., 2003) which showed that Zn supplementation at 1 g/d (ZnMet) increased digestibility of DM, OM and CP. However, Mandal et al. (2007) and Garg et al. (2008) did not observe any effect on digestibility of DM, CP, EE and NDF due to Zn supplementation from organic and inorganic sources in steers and lambs, respectively. In agreement with the current experiment, an increase in digestibility of ADF was also found in a previous study in Muzaffarnagari male lambs (Garg et al., 2008) , although the reason was not clear.
Plasma mineral profile and AKP
Plasma Zn was increased (p<0.05) and Cu tended to be decreased by Zn supplementation (p = 0.057), but no differences were found between Zn sources (p>0.05) ( Table  4) . Concentrations of Mn and Fe in plasma were not affected (p>0.05) by dietary treatments.
It was shown that plasma Zn concentration was increased by Zn supplementation. Chhabra and Arora (1985) reported that plasma Zn concentrations were higher in goats fed a basal diet (15 mg Zn/kg DM) supplemented with 65 mg Zn/kg DM than in control goats. Similarly, Garg et al. (2008) found that plasma Zn concentrations were higher in growing lambs fed a basal diet (34 mg Zn/kg DM) supplemented with 20 mg Zn/kg DM (ZnSO 4 or ZnMet) than in control lambs. In contrast, Greene et al. (1988) measured serum Zn on days 1, 28, 56, 84 and 112 of heifers fed no supplemental Zn or supplemental Zn (360 mg/d) from ZnO or ZnMet in a basal diet containing 81 mg/kg DM and reported no difference among treatments. Different responses to Zn supplementation may be related to differences in initial Zn status. Dietary Zn contents for the control (15 to 34 mg/kg DM) in these studies was lower than the 81 mg/kg DM used for steers in the study of Greene et al. (1988) .
Cu is considered to be a major Zn antagonist. In previous studies (Mandal et al., 2007; Garg et al., 2008) , supplementing 20 to 35 mg/kg DM of Zn to diets containing 32.5 to 34 mg of Zn/kg DM did not affect plasma Cu concentrations in beef steers and lambs.
However, in the present study plasma Cu concentrations tended to be higher in the control group compared with goats supplemented with 20 mg of Zn/kg DM. This difference was probably due to the fact that the level of Cu (7.93 mg/kg DM) in the basal diet was lower than in the above studies (15.1 to 18.5 mg/kg DM).
Zn supplementation had no effect on plasma Fe and Mn contents. This is in agreement with findings in calves (Kincaid et al., 1997) and lambs (Garg et al., 2008) . Kincaid et al. (1997) reported no difference in serum Fe of Holstein calves attributable to supplemental Zn source and level. Garg et al. (2008) did not find any effect on serum Mn levels in lambs on supplementation of 20 mg Zn/kg through different sources (ZnMet or ZnSO 4 ) to the basal diet containing 34 mg Zn/kg DM.
In our study, plasma AKP was improved by Zn supplementation (p<0.05) and was higher (p<0.05) in the ZnSO 4 than the ZnMet group. Blood AKP has been used as an indication of Zn status of animals. Khandaker and Telfer (1990) reported higher plasma AKP in Zn-adequate than Zn-deficient sheep. Spears (1989) showed that ZnO and ZnMet supplementation improved plasma AKP compared to control lambs and steers. The current results indicated that plasma AKP was greater in the ZnSO 4 than the ZnMet group. This agrees with Hatfield et al. (2001) who noted that serum AKP tended to be greater in sulfate-than in complex-supplemented ewes. These results indicate that organic Zn may be metabolized differently to inorganic forms.
Zn apparent absorption and retention
Data on Zn metabolism are presented in Table 5 . The intake and faeces Zn were significantly higher (p<0.05) and apparent absorption rate was significantly lower (p<0.05) in both Zn supplementation treatment groups as compared to the control group, but no differences were noted between Zn sources (p>0.05). Similar to our results, Spears (1989) supplemented lambs fed a semi-purified diet with 5 mg of Zn/kg DM from ZnO or ZnMet and noted a similar apparent absorption of Zn for the two Zn sources and a low urinary excretion of Zn in lambs receiving ZnMet. In the same study, when 20 mg Zn/kg from ZnO or ZnMet was added to an orchardgrass hay-based diet containing 30 mg Zn/kg, apparent absorption and retention of Zn was similar for both treatments, but urinary Zn was lower in lambs receiving ZnMet (Spears, 1989) . These results indicate that ZnSO 4 and ZnMet may be metabolized differently in the body.
IMPLICATIONS
The results of this study indicate that ZnSO 4 and ZnMet are of similar availability based on performance in Liaoning Cashmere goats. Zn supplementation to a diet containing 22.3 mg Zn/kg DM diet increased growth performance in Cashmere goats during the cashmere growing period. Further research is needed to determine the Zn requirements of Cashmere goats. 
